Two buoy types have been tested with respect to their drift performance under drogued and undrogued conditions. Additionally, forces acting on the buoys were measured directly. Quadratic drag laws have been confirmed for the drag in water and the combined drag of wind and waves. Stokes drift contributes about one half to the wind factor of 0.023, which is obtained for undrogued buoys in the Atlantic. The forces on a windowshade drogue are given by a linear relation between force and water velocity for speeds exceeding 10 cm/s. They have been extrapolated to speeds of less than 10 cm/s by both a linear and a quadratic relationship. Correlations between drift and wind speed in the Atlantic suggest that the linear law is a better approximation under realistic conditions. According to these measurements in the Atlantic the described buoy-drogue system with a windowshade drogue in 100-m depth is a good current-measuring device. Slippage is negligible for wind speeds of less than 15 m/s and is less than 2 cm/s under gale conditions. Undrogued buoys are strongly affected by wind and cannot be used for the analysis of currents without correction, even under light winds.
The quality of Lagrangian drift data obtained from buoys is under debate. The entire system consists of a buoy, which is exposed to wind and wave forces; a tether line on which the currents drag; and a drogue, which should minimize the nearCopyright 1989 by the American Geophysical Union.
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/ 0148-0227/89/88JC-04035 $05.00 surface effects and should follow the water mass as accurately as possible. This water-following capability is essential for the quality of a Lagrangian data set.
Unavoidably, owing to the permanent action of waves the buoys eventually lose the drogues, probably after a drift of half a year or longer [Richardson, 1981] . Examples of shorter lifetime are also known [Kirwan et al., 1978a] . This may also be the case in the northern part of the North Atlantic Ocean, where during the entire year severe storms can pass by with extreme wave heights. In most cases no dramatic changes can be seen in the trajectories after the loss of a drogue. The reason for that is barely understood, and systematic studies are required in order (1) to distinguish drogued from undrogued drifters and (2) to clarify whether undrogued drifters can still be used and related to the real drift at the sea surface.
Drogue indicators have not been reliable enough in the past, whether based on measuring the load of the drogue or on measuring the tilt of the buoy. A reason may be that only parts of a drogue are lost or that the entire system changes its configuration and its response as a result of biofouling. Newly developed devices seem to be more promising (D. Hansen, personal communication).
To elucidate the problem, we depict two extreme cases in Figures 2 and 3, where drogue loss is obvious. Figure 2 shows the trajectory of a buoy which was deployed with drogue on April 13, 1986, in the western North Atlantic (44ø54'N, 47'31'W), passed the Faeroe-Shetland Channel in February 1987 and followed the Norwegian Current during 2« months with an average speed of 15 cm/s, which seems to be a reasonable value. In May 1987 the buoy started to drift in the opposite direction, slightly shifted toward the west. The drift against the Norwegian Current continued for more than 2 months and contradicts any other observation in that area. It was finally picked up by R/V Poseidon in November 1987. The underwater part of the buoy was entirely covered by barnacles. The buoy was undrogued.
Another example is shown in Figure 3 from vent the drogue from drifting with the velocity of the surrounding water. These forces are generally assumed to follow a drag law of the form
where p is the density of the surrounding fluid; F is the cross area, which is exposed to the flow (or the entire surface); v is the relative velocity; and c is a drag coefficient, which has to be determined experimentally (and depends on the definition of the area F). Obviously, the ratio Zi ciFi/CDFD must be small in order to obtain good drift results (D refers to drogue). Under ordinary conditions, K can be measured easily for models of the real system under steady flow conditions. A summary of steady-flow drag coefficients for most of the commonly used drogues is given by Vachon [1980] . If waves are present, the conditions become much more complicated, even in tanks with rather regular waves. Lange and Hiihne•fuss [1978] arrived at the conclusion that the surface drift due to gravity waves agrees well with the theoretical Stokes drift velocity, if slicks are used as drift indicators. Using relatively stiff and thick floats results in drifts up to 150% higher. Under the combined effect of wind and waves, they obtained drift speed to wind speed ratios of 2.6% to 5.5% for slicks.
For floats, submersion and the configuration of the body become critical. If the drogue line slackens in the wave troughs, the buoy may surf down the front side of the wave. Furthermore, wave breaking may force the buoy to move faster than the surface water. On the other hand, high waves may reduce the wind effects if large drogues are used and the buoy is no longer able to follow the surface waves but becomes submerged under the wave crest. In this case the buoy is mainly exposed to the wind field in the wave troughs during severe storms, which may reduce the force. In the present article we make an attempt to determine the forces acting on the drifter system which we use in the North Atlantic (section 2). As measurements of the type described in the subsequent sections cannot be performed in the deep ocean, we chose a shallow area in the western Baltic Sea for In sections 5 and 6 we try to relate them to results from data in the North Atlantic. Table  1 , assuming a density of 1027 kg/m 3 for the buoyancy forces.
BUOY-DROGUE
The buoys are similar in shape, but the Ceis buoy is heavier and more deeply submerged than the Hermes buoy, and it has only half of the net buoyancy if drogued. Thus the Hermes buoy is more exposed to wind, whereas the Ceis buoy is more exposed to waves and currents. The main difference in shape is Currents between 1-m and 6-m depth were measured with a small drift buoy, which was designed to have a very small drag area ratio between buoy and drogue. The buoy is a double cone of 30-cm diameter and a total height of 60 cm, being half exposed to the wind and half to the water. Its buoyancy is 14.5 kg. The tether between buoy and drogue had a length of 60 cm and an additional weight of 5 kg. The drogue was a biplanar crossed vane of 1 m x 4.75 m canvas, stabilized by a weight of 2.5 kg. The cross-section areas of buoy and drogue have a ratio of 1'50. They have proven to be very good indicators of the real current in that depth. Location was by Decca with an accuracy of +20 m. Wave height was measured with a wave rider buoy, if necessary.
The small buoy has been designed in connection with dye measurements [Krauss, 1965] 
Direct Wind Influence
The force on the part of the buoy that is directly exposed to the wind is difficult to determine, because of simultaneous wave action. However, as a fully developed sea cannot exist in Kiel Bay for wind speeds beyond 8 m/s, force measurements at high wind speed show mainly the direct wind effect. During the cruise, just one such situation occurred. For a wind speed of 14 _+ 0.9 m/s we measured 30 + 9 N. This would suggest a relation 0.15 W 2
where W is wind speed. However, we will not make use of that.
The Combined Influence of Wind and Waves
The drift of a body at the surface depends on the wind force Ka; the frictional force K w, which results from moving the body through the water; and the displacement of the body by the surface currents. Measurements in the past gave a linear relationship between drift velocity and wind speed at 10 m, v = kW, without any significant deflection of the drift direc- 
DRIFT VELOCITIES OF UNDROGUED BUOYS IN THE ATLANTIC OCEAN
In order to study the influence of wind and waves on drogued and undrogued buoys in the Atlantic, we use two data sets which clearly show that some of the buoys lost their drogues. The first set is shown in Figure 3 ; the second set is shown in Figure 10a . In Figure 10a , December 1 on each trajectory is marked by a dot. A detailed study shows marked differences between the trajectories before and after this date. Exceptions are the three trajectories given by heavy lines. In Tables 2a and 2b we summarize some statistical parameters of both data sets. Although no definite proof can be given, we refer to the subsets as drogued and undrogued buoys, respectively.
In the subtropical eastern Atlantic (Table 2a) (14) One knot is equal to 0.514 m/s. tween drift and wind whereas undrogued buoys move in wind direction with 2-3% of the wind speed.
CONCLUSIONS
The data from the Atlantic support our results from Kiel Bay: undrogued buoys of the type used are strongly influenced by wind and sea. As the resulting drift is nearly half due to wind and half due to Stokes drift, other buoy types can modify these results only slightly. Elimination of data from undrogued buoys therefore becomes essential in order to use a data set for detailed analysis. Otherwise, only the first few months should be used, as was done by Krauss 
